Global quantitative analysis of protein phosphorylation status in fish exposed to microcystin.
The hepatotoxins, microcystins (MCs) are potent inhibitors of protein phosphatases PP1 and PP2A. These nonribosomal peptides are getting more and more attention because of their acute toxicity and potent tumor-promoting activity. These toxins are produced by freshwater cyanobacteria. Herein, we report a toxicological study conducted on aquatic animal models such as the medaka fish. To date, the detailed mechanisms underlying the toxicity of microcystins are unknown. MC-leucine-arginine (MC-LR) is the most toxic and the most commonly encountered variant of MCs in aquatic environment. It has been used for toxicological investigations on the liver of intoxicated medaka. We performed differential proteome analyses of MC-LR-treated and untreated medaka fish to investigate the mechanisms of establishment of early responses to the toxin. The identification of proteins involved in these early responses might constitute candidates of biomarkers of MC-LR exposure. Cytosolic proteins from livers of exposed or nonexposed medaka were resolved by 2D electrophoresis and detected using stains specific for phosphoproteins and for whole protein content. Overall, 15 spots were found to vary significantly on the proteomic 2D maps or on the phosphoproteomic 2D maps. Of these 15 proteins, only two could not be identified by mass spectrometry. Among the other proteins that were identified, phenylalanine hydroxylase and keratin 18 (type I) showed variations in phoshoryl content in agreement with inhibition of PP2A activity after exposure of the fish to MC-LR. The other identified proteins exhibited variations in their expression level. The identified proteins appear to be involved in cytoskeleton assembly, cell signalling, oxidative stress, and apoptosis. The functional implications of responses to MC-LR exposure of these proteins are discussed. The methodology described in this report should be widely used to a number of tissues and organisms, thus helping in the search for biomarkers of MC-LR contamination.